In this work computational calculations ab initio were performed to determine the relative stability, the structural and electronic properties of manganese nitride MnN. The calculations were made in the structures NaCl, Zincblenda, CsCl and wurtzita; using the method increased plane waves and linearized in the full potential version (FP-LAPW), within the formalism of the density functional theory (DFT). We find that the most stable crystallization phase is Zincblende and that the compound can pass to the NaCl structure by applying an external pressure. From the DOS state density, it is found that the manganese nitride has a metallic behavior due to the Mn-d and N-p orbitals that cross the Fermi level; MnN possesses magnetic properties with a magnetic moment of 2.53 µβ/cell.
Introduction
Twenty years ago, many researchers considered transition metal-based nitrides as laboratory curiosities and of little practical importance. However, after many advances in growth, doping and characterization techniques, as well as in computational systems of theoretical calculations, it has been found that these compounds have an unusual combination of excellent physical, chemical, mechanical and thermal properties, which they make them attractive for diverse scientific and technological applications [1, 2, 3] ; in particular it has been found that MnN manganese nitride has high melting point, high hardness, high resistance to wear, corrosion and oxidation, good thermal and electrical conductivity [4, 5, 6] . Due to these properties the MnN is of great current interest in theoretical and experimental studies and in practical applications. In this work, the structural and electronic properties of manganese nitride are studied in the framework of the DFT functional density theory.
Methodology
The calculations are made within the framework of the Functional Density Theory (DFT) and using Full Potential Augmented Planar Waves (FP-LAPW) implemented in the WIEN2k package [7] . The effects of correlation and exchange of electrons are treated using the Generalized Gradient Approach (GGA) of Perdew, Burke and Ernzerhof (PBE) [8] . In the LAPW method the cell is divided into two types of regions, the atomic spheres centered on the nuclear sites and the interstitial region between the non-superimposed spheres. Within the atomic spheres the functions of waves are replaced by atomic functions, while in the interstitial region, the function expands into flat waves. The charge density and the potentials expand in spherical harmonics up to lmax=10 within the atomic spheres and the wave function in the interstitial region expands into flat waves with a cutoff parameter Kmax = 8/ Rmt where Rmt is the smallest radius of the atomic sphere in the unit cell and Kmax is the magnitude of the k biggest vector of the reciprocal network. To ensure convergence in the integration of the first Brillouin zone, 1400 points were used, which corresponds to 56 k points in the irreducible part of the first Brillouin zone for the NaCl, CsCl and Zincblenda phases and 84 k points in the irreducible part from the first Brillouin area for the Wurtzite phase. The integrals over the Brillouin area are solved using the special approach points k of Monkhorst-Pack. Self-consistency is achieved by requiring that the convergence of the total energy be less than 10 -4 Ry. For the expansion of the potential in the interstitial region, Gmax=12 is considered. Muffin-tin radios were 1.6 bohr for N and 2.0 Bohr for Mn. The calculations are made taking into account the polarization of spin, in order to verify possible magnetic properties of the material. Figure 1 shows the curves of total energy as a function of volume and adjusted to the Murnaghan state equation in each of the structural phases considered in the present study. The energies and volumes are given by the unit formula of MnN, that is, for each molecule of the compound present in the unit cell. The sum of the energies of the neutral atoms of isolated Mn and N has been taken as zero. It is observed that each structure considered is metastable, since there is a minimum of energy in the corresponding curve. It was found that the most stable structural phase is the cubic type Zincblenda, because its minimum value of energy is the lowest of all the curves examined. It is observed that the CsCl phase is energetically unfavorable for the compound MnN, because it has the highest value of the minimum energy of the four curves.
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Structural properties
For the most stable phase, Zincblende and for the NaCl phase the minimum energy (E0), the network parameters of the structure in the equilibrium (a, c / a) and the volume module (B0) are shown in the Table 1 . The lattices constant calculated is in excellent agreement with that of experimental results (4.32 Å) [10] and agree well with values reported in other theoretical studies, since they differ by less than 1%. It was found that the volume module both in the zincblende phase and in the NaCl phase are quite high, which confirms that this material has high hardness, making it attractive for possible applications at high temperatures and in hard coatings. On the other hand; the curve corresponding to the more stable zincblende phase is crossed with the curve of the NaCl structure of lower equilibrium volume, indicating the high pressure phase transition of the structure Zincblende to NaCl; the minimum energy of the MnN in the NaCl phase is 0.11 eV higher than that corresponding to the zincblende phase, which prevents a phase change spontaneously and therefore the transition in the compound must be induced by applying an external pressure. To describe the phase transition, the enthalpy was calculated as a function of the pressure for each structure. By superimposing enthalpy curves as a function of pressure, as shown in Figure 2 , a value of PT = 7.2 GPa is obtained for the transition pressure. Figure 3 shows the total and partial state density calculated in this work. The Fermi level is placed at the zero of the energy. In each phase, the solid black line indicates the total DOS, while, those of brown and dark gray indicate the contributions of the s and p orbitals of the nitrogen atom respectively and the contribution of the d orbital of manganese, indicated by a light gray line. In the zincblende phase we observed that the valence band is formed by three regions; a region between ~ -16 eV and ~ -14.5 eV governed mainly by the N-s orbital and a small contribution of the Mn-d orbital. The second region between ~ -7.5 eV and ~ -4 eV constituted by the Mn-d and Np states, the third region between ~ -2.6 eV and the Fermi level, governed mainly by the Mn-d electrons and a small contribution of electrons Np. Furthermore, in this phase, the compound has two intraband bands of approximately ~ 2.5 eV and ~ 7.5 eV, which shows the possibility that the compound MnN can exhibit optical properties.
Electronic properties
The compound presents a metallic behavior, due to the Mn-d and N-p orbitals that cross the Fermi level. According to the theory proposed by S. H. Jhi et al [11] , the coupling between the metallic states Mn-d and the N-p states result in a strong covalent bond responsible for the high hardness of the compound. The compound has magnetic properties, with a magnetic moment of 2.53 magnetons Bohr/cell unit.
In the possible NaCl phase the valence band is divided into two regions, the first comprised between ~ -17.5 eV and ~ -14 eV which is mainly due to the N-s orbital and a small contribution of the Mn-d orbital; the second region between ~ -9 eV and the Fermi level governed by the Mn-d states in greater proportion and by the N-p states in a lower contribution. This phase presents only an intraband band of ~ 5 eV, which shows the possibility that the compound MnN can exhibit optical properties.
In this phase, the compound also exhibits a metallic behavior, due to the Mn-d and N-p orbitals which cross the Fermi level and also retain their magnetic properties, with a magnetic moment of 3.89 magnetons Bohr/cell unit.
Conclusion
Computational calculations ab initio were performed to determine the most stable phase and the structural and electronic properties of the manganese nitride compound MnN. It was found that the calculated network constant is in good agreement with the experimental data and with the theoretically calculated using the LDA approximation. We find that the most stable phase for the compound is the zincblende structure with the possibility of crystallizing in the NaCl phase under the application of an external pressure, the transition pressure being from the zincblende phase to NaCl of 7.2 GPa. The value of the volume module calculated in the zincblende phase is quite high, which is due to the strong covalent bonds between the Mn-d and N-p orbitals. This confirms that the material has high hardness. From the density of states, it is found that the compound presents metallic behavior, due to the N-p and Mn-d orbitals that cross the Fermi level. Finally, in the most stable phase, the material possesses a magnetic moment of 2.53 magnetons of Bohr/cell unit.
